We fabricated bottom gate TFTs with IGZO channel layer deposited by atmospheric pressure plasma jet (APPJ). The effect of thermal annealing on the properties of IGZO TFTs was studied. After post annealing, the IGZO thin films showed a smooth and dense structure. The transistors annealed at 300 o C showed clear switching behavior with a negative threshold voltage of -0.571 V and a mobility of 2.6 cm 2 /V-s. After 500 o C post annealing, IGZO thin film showed an amorphous-like phase and the average transmittance is more than 80% in the visible range. Good electrical characteristics were achieved, including a threshold voltage of 6.74V, a subthreshold swing of 1.54 V/dec, a mobility of 10.31 cm 2 /V-s and a large I on /I off ratio of 3.28x10 8 .
Introduction
Oxide-based semiconductors, such as ZnO (1, 2) , ZTO (3, 4) , IZO (5, 6) and IGZO (7) (8) (9) have been reported for the active channel layer. These oxide semiconductors offer good electrical properties and high transparency. Among these semiconductors, IGZO TFTs have attracted much attention because of its superior performance compared with conventional Si-based TFTs (10) . The conduction band of IGZO is composed of metal sorbitals. As a result, IGZO thin film shows a high mobility even in amorphous phase. Furthermore, several prototype displays using IGZO TFT have been demonstrated (11) . To deposit IGZO thin films, there are a variety of deposition methods, such as sputtering (7) , pulse laser deposition (12) , spin coating (13) and ink-jet printing (14) . Atmosphericpressure plasma processing has high potential in several industrial applications due to low cost, high processing speed and simple system (15) . Atmospheric pressure plasma jet (APPJ) is an emerging technique for thin film coating. APPJ system is a non-vacuum and simple system. In this work, IGZO thin films were deposited by APPJ system and we examined the effect of annealing temperature on the properties of IGZO TFT.
Experiment
The high doping silicon wafer was used as gate electrode and thermally grown SiO 2 (130nm) on the silicon substrate was used as gate insulator. Indium nitrate (In (NO 3 ) 2 ), gallium nitrate (Ga(NO 3 ) 2 ) and zinc nitrate (Zn(NO 3 ) 2 ) dissolved in deionized water were used as the precursor. The concentration of IGZO solution was 0.2 M with an atomic ratio of In:Ga:Zn=1:1:1. Next, 40nm-thick IGZO thin films were deposited on The optical, structural, and electrical properties of the IGZO films were characterized in this work. The crystallinity of the IGZO thin films was investigated by using grazing incidence X-ray diffraction (GIXRD) and high-resolution transmission electron microscopy (HRTEM). The morphology of IGZO film was determined by scanning electron microscopy (SEM) and atomic force microscope (AFM). Optical transmittance through the sample of IGZO/glass was measured in the wavelength range from 300nm to 800nm by using a UV-VIS-NIR spectrophotometer. Device characteristics, including transfer and output curves, were measured by semiconductor parameter analyzer (HP4156C). 
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Results and discussion Figure 4 shows the top-view SEM images of IGZO thin films annealing at different temperatures. After the post annealing, the IGZO thin films exhibit a more smooth surface and dense structure. The dense structure could offer the better carrier transport path. Figure 5 shows the AFM images of IGZO thin films annealing at different temperatures. Table I shows the root-mean-square (RMS) roughness of IGZO thin films annealed at different temperatures. As shown in Table I , the surface roughness is significantly different between as-deposited and annealed films. The as-deposited sample shows a roughness of 15.48nm. On the other hand, the surface roughness is reduced after the post annealing and 500 o C sample shows a RMS of 6.67nm. The smooth surface also corresponds to the dense structure. Figure 6 shows the optical transmission spectra of IGZO. The 500 o C sample exhibits a slightly lager transmittance than as-deposited sample. This can be attributed to reduction of the defects by thermal annealing. The average transmittance in the visible range is larger than 80%. C post annealing, good electrical characteristics were achieved, including a V T of 6.74V, a subthreshold swing (SS) of 1.54 V/dec, a mobility of 10.31 cm 2 /V-s and a large I on /I off ratio of 3.28x10 8 . Table II summarizes the electrical properties of IGZO TFT annealed at different temperatures. Annealing at high temperature showing a higher mobility indicates the IGZO thin film quality was improved, and intrinsic defects were be repaired. The interface properties between gate insulator and IGZO were also improved, since the subthreshold swing also was reduced by post annealing. 
